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METHOD AND APPARATUS RELATING TO 
MANUFACTURE OF MOLDS FOR FORMING 

CONTACT LENSES 

FIELD 

0001. The present disclosure relates to methods of, and 
apparatus for, manufacturing, by injection molding, mold 
halves Suitable for use informing contact lenses. In particular, 
it relates to apparatus and methods for exchanging tools and/ 
or tool assemblies in injection molding machines in order to 
manufacture mold halves for different powers or types of 
contact lenses. 

BACKGROUND 

0002 Various methods of manufacturing contact lenses 
are known, including spin casting, lathing (for example, by 
diamond turning) and cast molding (for example, using injec 
tion molded mold halves). Manufacture of soft contact lenses, 
including conventional hydrogel and silicone hydrogel con 
tact lenses, presents particular difficulties, as contact lenses 
are delicate. Surfaces and edges of a contact lens, including 
Surfaces providing vision correction, as well as Surfaces and 
edges used to cast mold Surfaces of a contact lens, must be 
manufactured and maintained to optical precision and all 
Surfaces and edges must be manufactured within tight toler 
ances to provide a desired level of vision correction and/or 
provide a desired cosmetic appearance to the eye, and to avoid 
potential issues with discomfort or even damage to the eye of 
the wearer. Using high speed manufacturing lines, contact 
lenses can be manufactured in very large numbers, for 
example, tens of thousands each day. Increases in the rate of 
manufacture of contact lenses can be expected to bring down 
the cost of each lens. It is important, however, that increased 
rates of manufacture do not compromise the quality of the 
lenses produced. 

SUMMARY 

0003. In accordance with the present disclosure, contact 
lenses can be manufactured by cast molding using single-use 
mold halves. Mold halves of a first type and of a second type 
can be manufactured. The mold halves can be shaped so that 
a mold half of the first type can be brought together with a 
mold half of the second type to define a cavity there between, 
the cavity having the shape of a contact lens that is to be 
manufactured. For example, the mold halves of the first type 
can be female mold halves, each having a concave surface of 
optical quality and that defines the front of the contact lens. 
The mold halves of the second type can then be male mold 
halves, each having a convex surface of optical quality and 
that defines the back of the contact lens. In forming the lens, 
a polymerizable composition can be placed in the female 
mold half. The male mold half can then be mated with the 
female mold half, defining a cavity in which the polymeriz 
able composition is contained. The polymerizable composi 
tion can be cured in the cavity, for example, by exposure to 
ultraviolet light and/or by heating, and a polymerized contact 
lens body is thereby formed. The mold halves can then be 
separated and the contact lens body can be released or 
removed. The contact lens body can then be subjected to 
further processing, for example, hydration, to form a finished 
contact lens. The mold halves can be disposed of during the 
manufacturing process. 
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0004 As the mold halves are typically single-use, the 
present disclosure provides an apparatus and method so that 
they can be made as efficiently as possible, without loss of 
quality. Contact lenses of several different powers can be 
made to provide lenses for different patients with different 
spherical refractive errors, i.e., different amounts of myopia 
or hyperopia. Toric lenses (lenses providing cylindrical cor 
rection), multifocal lenses, or lenses of other specific forms, 
can also be made. As it is not practical to provide a separate 
manufacturing line for each power of each type of lens, the 
apparatus and method of the present disclosure can use inter 
changeable tools or tool assemblies that can be robotically 
exchanged in order to manufacture different powers or types 
of lenses. The apparatus and method of the present disclosure 
reduce tool exchange time, maximize production, facilitate 
high speed manufacturing of contact lenses, and enable high 
speed manufacturing of a wide variety of powers and types of 
lenses. 
0005. A first aspect of the present disclosure provides 
apparatus for manufacturing mold halves for use in the manu 
facture of contact lenses. The apparatus comprises: 

0006 an injection-molding apparatus including a plate 
for carrying a removable collet; 

0007 a collet store for storing at least one removable 
collet configured to be inserted into the plate; and 

0008 a collet-exchange robot configured to grip a 
removable collet from the plate, move the removable 
collet to the collet store, insert the removable collet into 
the collet store, grip a replacement collet from the collet 
store, move the replacement collet to the plate, and insert 
the replacement collet into the plate. 

0009. A second aspect of the disclosure provides a method 
of manufacturing mold halves for use in the manufacture of 
contact lenses. The method comprises: 

0010) using a robot to remove a first collet from a plate 
in an injection-molding apparatus, the first collet com 
prising a first tool half mounted therein, the first tool half 
defining at least a portion of a first injection-molding 
cavity for molding a contact lens mold half 

0.011 using the robot to transport the first collet to a 
collet store and insert the first collet into the collet store; 

0012 using the robot to remove a replacement collet 
from the collet store, the replacement collet comprising 
a second mold tool half defining at least a portion of a 
second injection-molding cavity for molding a contact 
lens mold half 

0013 using the robot to transport the replacement collet 
to the plate and insert the replacement collet into in the 
plate; and 

0.014 forming a contact lens mold half in the second 
injection-molding cavity. 

0015 Using the robot to remove the first collet from the 
plate, using the robot to transport and insert the first collet, 
using the robot to remove the replacement collet, using the 
robot to transport and insert the replacement collet, or any 
combination thereof, can comprise moving a collet extraction 
head of the robot in three dimensions. Using the robot to 
remove the first collet from the plate, using the robot to 
transport the first collet and insert the first collet in the collet 
store, using the robot to remove the replacement collet from 
the collet store, using the robot to transport the replacement 
collet and insert the replacement collet in the plate, or any 
combination thereof, can comprise using a position sensor 
located on the robot. The position sensor can be located on the 
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collet extraction head of the robot. Using the robot to remove 
the first collet from the plate, using the robot to transport the 
first collet and insert the first collet into the collet store, using 
the robot to remove the replacement collet from the collet 
store, using the robot to transport the replacement collet and 
insert the replacement collet in the plate, or any combination 
thereof, can comprise both moving the collet extraction head 
of the robot in three dimensions, and using a position sensor 
located on the robot. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a perspective view of an apparatus accord 
ing to an exemplary embodiment of the invention. 
0017 FIG. 2 is a fixed-plate apparatus forming part of an 
injection-molding apparatus, in accordance with an embodi 
ment of the invention. 
0018 FIG. 3 is a partial cross-sectional view through a 
tool half of a fixed-plate apparatus, in accordance with an 
embodiment of the invention. 
0019 FIG. 4 is a cut-away view of a reciprocating unit of 
an injection-molding apparatus, in accordance with an 
embodiment of the invention. 
0020 FIG. 5 is a perspective view of a mounting plate 
forming part of a reciprocating unit, in accordance with an 
embodiment of the invention. 
0021 FIG. 6 is a partial cross-sectional view through a 
tool half of a mounting plate, in accordance with an embodi 
ment of the invention. 
0022 FIG. 7 is a perspective view of a collet-exchange 
robot, in accordance with an embodiment of the invention. 
0023 FIG. 8 is a side view of a collet-exchange robot and 
a two-dimensional array of collets arranged in a vertical 
plane, in accordance with an embodiment of the invention. 
0024 FIG. 9 is a side view of a collet extraction head 
including gripping fingers, in accordance with an embodi 
ment of the invention. 
0025 FIG. 10 is a front view of the collet extraction head 
of FIG. 9. 
0026 FIG. 11 is a perspective view of a collet store on a 
turntable, in accordance with an embodiment of the inven 
tion. 

DETAILED DESCRIPTION 

0027. A first aspect of the present disclosure provides an 
apparatus for manufacturing mold halves for use in the manu 
facture of contact lenses. The apparatus comprises: 

0028 an injection-molding apparatus including a plate 
for carrying a removable collet; 

0029 a collet store for storing at least one removable 
collet configured to be inserted into the plate; and 

0030 a collet-exchange robot configured to grip a 
removable collet from the plate, move the removable 
collet to the collet store, insert the removable collet into 
the collet store, grip a replacement collet from the collet 
store, move the replacement collet to the plate, and insert 
the replacement collet into the plate. 

0031. The skilled person will understand that specific fea 
tures of embodiments of the invention described herein that 
are not incompatible with each other can be present in in any 
combination in example embodiments of the invention. 
0032. Thus, for example, the apparatus can be any contact 
lens mold assembly embodying the invention, wherein the 
robot comprises at least one extraction head. The collet 
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extraction head can be a collet extraction head that can be 
moved in three dimensions. In other words, the robot can be 
configured to move the collet extraction head not merely 
along a line or plane but in three-dimensional space, for 
example as defined by orthogonal x, y, and Z axes. The collet 
extraction head of the collet-exchange robot can be rotatably 
mounted on the robot. Each collet extraction head of the 
collet-exchange robot can be rotatably mounted on the robot. 
The collet extraction head of the robot can comprise a grip 
ping portion. Each collet extraction head of the robot can 
comprise a gripping portion. When the robot comprises a 
collet extraction head, the apparatus can further comprise a 
rail arrangement, and the robot can be configured to move 
from a position on the rail arrangement in which the collet 
exchange head is in front of the plate, to a position on the rail 
arrangement in which the collet extraction head is in front of 
the collet store. 

0033. The apparatus can be any contact lens mold assem 
bly embodying the invention, wherein the plate of the appa 
ratus includes or is associated with at least one clamp. The at 
least one plate clamp can be arranged to hold the collet in the 
plate. The apparatus can further comprise a removable collet 
in the plate, and a tool half mounted in the removable collet, 
wherein the injection-molding apparatus comprises a clamp 
configured to hold the removable collet in the plate. 
0034. The apparatus can be any contact lens mold assem 
bly embodying the invention, wherein the collet includes at 
least one circumferential groove. The apparatus can further 
comprise a removable collet inserted in the plate, and a tool 
half mounted in the removable collet, wherein the collet 
includes a circumferential groove. The circumferential 
groove can be a circumferential groove upon which a gripper 
of a collet extraction head is arranged to act, or can be a 
circumferential groove upon which a clamp, for example, a 
plate clamp, is arranged to act. 
0035. The apparatus can be any contact lens mold assem 
bly embodying the invention, wherein the he collet store 
comprises a housing for receiving the removable collet. The 
collet store can comprise a housing for receiving a plurality of 
removable collets. The collet store having a housing can 
comprise a turntable upon which the housing is mounted. The 
turntable can be rotatable from a first position in which the 
collet can be manually loaded into the housing, to a second 
position in which the collet can be removed from the collet 
store by the collet-exchange robot. 
0036. Herein, reference is made to mold halves, but it is to 
be understood that, although two mold halves may comple 
ment each other and together form a mold assembly, each 
mold half is not necessarily half of, or 50% of the mold 
assembly. One mold half can comprise 20%, 30%, 40%, 45%, 
or the like, of a mold assembly while the other mold half can 
comprise 80%, 70%, 60%, 55%, or the like, of the mold 
assembly. Accordingly, while the two mold halves can make 
one whole mold assembly, it is to be understood that the two 
mold halves neither have to be of the same size nor do they 
have to be mirror images of one another. Similarly, while 
reference is made herein to tool halves, it is to be understood 
that two tool halves, that complement each other and together 
define a mold cavity, do not have to be of the same size or 
mirror images of one another. 
0037. The skilled person will understand that the features 
disclosed in the following paragraphs can be combined in any 
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combination in example embodiments of the invention, and 
can be combined in any combination with the features dis 
closed above. 
0038. The collet of the apparatus can be a first collet or a 
replacement collet. The tool half can be carried in a front 
portion of the collet. The collet can include a disc-shaped 
front portion. The collet can include a frustoconical rear por 
tion. The collet can include a disc-shaped front portion and a 
frustoconical rear portion. The collet can include a circum 
ferential groove that can be, for example, around the disc 
shaped front portion, if present. 
0039 Each plate of the at least one plate of the apparatus 
can comprise a plurality of collets. The plurality of collets can 
be a plurality of first collets or a plurality of replacement 
collets. The plurality of collets carried by the at least one plate 
can be arranged in a two-dimensional array. 
0040. The collet store of the apparatus can comprise a 
plurality of collets. The plurality of collets can comprise a 
plurality of first collets or a plurality of replacement collets. 
The plurality of collets carried by the collet store can be 
arranged in a two-dimensional array. 
0041. The collet exchange robot can comprise at least one 
collet extraction head. The at least one collet extraction head 
of the robot can be rotatably mounted on the robot. The collet 
exchange robot can comprise a drive unit carrying an arm, at 
a distal end of which is mounted a collet extraction head. The 
arm can be rotatably mounted on the drive unit. The arm can 
be rotatable from a first orientation in which the collet extrac 
tion head is on a first side of the drive unit, to a second 
orientation in which the collet extraction head is on a second 
side of the drive unit. The collet extraction head can be rotat 
ably mounted on the arm. The collet extraction head can, for 
example, rotate up to 180 degrees. The apparatus can include 
a rail arrangement, upon which the drive unit is mounted, 
Such that the robot is configured to move from a position on 
the rail arrangement, in which the collet extraction head is in 
front of the plate, to a position on the rail arrangement in 
which the collet extraction head is in front of the collet store. 
Thus, in the first orientation, the collet extraction head can 
have access to the collets in the quick-change plate, and, in the 
second orientation, the arm can have access to the collets in 
the collet store. Thus, in use, the collet exchange robot can be 
able to access collets from the plate, and transfer them to and 
insert them into, the collet store, and vice versa. 
0042. The collet extraction head can comprise a gripping 
portion. The gripping portion can include a sensor. The sensor 
can comprise a proximity sensor. The gripping portion can 
include a plurality of (for example, three) gripping fingers. 
The gripping fingers can be sized and configured to grip a 
circumferential groove in a collet. 
0043. The plate can include or be associated with a clamp 
arranged to hold the collet in the plate. The collet can include 
a circumferential groove, or a further circumferential groove, 
upon which the clamp is arranged to act. The collet can have 
multiple circumferential grooves, or a single circumferential 
groove. The plate clamp and the gripping fingers of the collet 
extraction head can both be configured to grab, secure, fit 
into, or otherwise act on, the same circumferential groove of 
the collet or different, respective, circumferential grooves of 
the collet. 
0044) The collet store can comprise a housing for receiv 
ing the collets. The collet store can comprise a housing for 
receiving the collets, and a turntable on which the housing is 
mounted. The turntable can be rotatable from a first position, 
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in which the collets can be manually loaded into the housing, 
to a second position, in which the collets can be removed from 
the collet store by the robot. 
004.5 The injection-molding apparatus, collet exchange 
robot, and collet store turntable can be controlled by a control 
unit. The control unit can control movement of the collet 
exchange robot arm, the collet extraction head, the drive units 
carrying the arm, the gripping features of the collet extraction 
head, the gripping features of the injection-molding appara 
tus, and the collet store turntable. The control unit can com 
prise one or more microprocessors for controlling the various 
drive units and motors, including those of the collet exchange 
robot and of the collet store turntable. Each motor and drive 
unit can be configured to communicate with the control unit. 
The one or more microprocessors can each have and execute 
control logic Software. The drive units and motors can be 
connected via wiring to the control unit. The control unit can 
be located or housed proximate to the motors and drive units, 
or it can be remotely located. 
0046. The control unit can be connected to the injection 
molding apparatus, collet exchange robot, and collet store 
turntable via at least one USB connection, wired and/or wire 
less connection, Ethernet connection, or any combination 
thereof. The control unit can receive control signals from a 
graphical user interface, from a control board, or the like. An 
operator can operate an operator control unit (OCU) for pro 
gramming the control unit or for starting or stopping a manu 
facturing operation. Control signals generated by the OCU, 
automatically or in response to an operators input, can be 
processed and controlled by the control unit, and delivered to 
the drive units and motors. The drive units and motors can 
communicate directly with the OCU. The injection-molding 
apparatus, collet exchange robot, and collet store turntable 
can be controlled by an autonomous control program in one or 
more microprocessor, giving the apparatus microprocessor 
autonomous capability to maneuver or manipulate the injec 
tion-molding apparatus, collet exchange robot, and collet 
store turntable. Commands can come from the Internet via 
Wi-Fi, remote computer terminal, GPRS modem, satellite 
phone, mobile phone, infrared, Ethernet, Firewire, other 
wireless or wired connection protocols, or combinations 
thereof. 
0047 A second aspect of the disclosure provides a method 
of manufacturing mold halves for use in the manufacture of 
contact lenses. The method comprises: 

0.048 using a robot to remove a first collet from a plate 
in an injection-molding apparatus, the first collet com 
prising a first tool half mounted therein, the first tool half 
defining at least a portion of a first injection-molding 
cavity for molding a contact lens mold half 

0049 using the robot to transport the first collet to a 
collet store and insert the first collet into the collet store; 

0050 using the robot to remove a replacement collet 
from the collet store, the replacement collet comprising 
a second mold tool half defining at least a portion of a 
second injection-molding cavity for molding a contact 
lens mold half 

0051 using the robot to transport the replacement collet 
to the plate and insert the replacement collet into in the 
plate; and 

0.052 forming a contact lens mold half in the second 
injection-molding cavity. 

0053. Using the robot to remove the first collet from the 
plate, using the robot to transport and insert the first collet, 
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using the robot to remove the replacement collet, using the 
robot to transport and insert the replacement collet, or any 
combination thereof, can comprise moving a collet extraction 
head of the robot in three dimensions. Using the robot to 
remove the first collet from the plate, using the robot to 
transport the first collet and insert the first collet in the collet 
store, using the robot to remove the replacement collet from 
the collet store, using the robot to transport the replacement 
collet and insert the replacement collet in the plate, or any 
combination thereof, can comprise using a position sensor 
located on the robot. The position sensor can be located on the 
collet extraction head of the robot. Using the robot to remove 
the first collet from the plate, using the robot to transport the 
first collet and insert the first collet into the collet store, using 
the robot to remove the replacement collet from the collet 
store, using the robot to transport the replacement collet and 
insert the replacement collet in the plate, or any combination 
thereof, can comprise both moving the collet extraction head 
of the robot in three dimensions, and using a position sensor 
located on the robot. 
0054 As already set out in respect of the first aspect of the 
invention, the skilled person will understand that specific 
features of embodiments of the invention described herein 
that are not incompatible with each other can be present in in 
any combination in example embodiments of the invention. 
0055. The method can be any method embodying the 
invention, further comprising the step of stopping production 
of the molds in the injection-molding apparatus before using 
the robot to remove the first collet from the plate. The method 
can further comprise re-starting production of the molds in 
the injection-molding apparatus after using the robot to trans 
port the replacement collet and to insert the replacement 
collet into the plate. Forming a contact lens mold half in the 
second injection-molding cavity can comprise forming a plu 
rality of contact lens mold halves. 
0056. The method can be any method embodying the 
invention, wherein using the robot to remove the first collet 
from the plate comprises: moving a collet extraction head of 
the robot to a position in front of the first collet; moving the 
collet extraction head forwards toward the first collet; grip 
ping the first collet with the extraction head; and moving the 
collet extraction head backwards, thereby extracting the first 
collet from the plate. Moving the collet extraction head of the 
robot to a position in front of the first collet can comprise 
determining a distance from the extraction head to the first 
collet, or from the extraction head to the plate. Determining 
the distance can comprise using a proximity sensor on the 
extraction head to determine the distance from the extraction 
head to the first collet. Using the robot to remove the first 
collet from the plate can comprise rotating the collet extrac 
tion head, for example, rotating the collet extraction head 
around an axis of rotation by an amount of from 90 degrees to 
180 degrees. 
0057 The method can be any method embodying the 
invention, wherein gripping the first collet with the extraction 
head comprises gripping the first collet at a circumferential 
groove formed in the first collet. 
0058. The method can be any method embodying the 
invention, wherein coolant is removed from coolant passages 
associated with the first collet, prior to the removal of the first 
collet from the plate, and resupplied to said coolant passages 
after insertion of the replacement collet into the plate. Advan 
tageously, the removal and resupply of the coolant can be 
synchronized with the movement of the robot, for example to 

Jun. 23, 2016 

reduce the time required to exchange the first collet and the 
replacement collet, and hence to reduce downtime of the 
injection molding apparatus. 
0059. The method can be any method embodying the 
invention, wherein, when the method comprises a method 
wherein the first collet is held in place in the plate with a 
clamp, the method further comprises releasing the clamp 
from holding the first collet prior to removing the first collet 
from the plate. The method can further comprise clamping the 
replacement collet into the plate from which the first collet 
was extracted. The method can further comprise moving the 
robot to a resting location after using the robot to insert the 
replacement collet in the plate. 
0060. The method can be any method embodying the 
invention, wherein using the robot to transport the first collet 
and insert the first collet into the collet store comprises mov 
ing the collet extraction head of the robot to a position in front 
of an empty aperture in the collet store; moving the collet 
extraction head forward, toward the empty aperture; and 
releasing the first collet into the empty aperture. Moving the 
collet extraction head of the robot to a position in front of the 
empty aperture can comprise determining a distance from the 
extraction head to the aperture, or from the extraction head to 
the collet store. Determining the distance can comprise using 
a proximity sensor on the extraction head to determine the 
distance from the extraction head to the aperture. Using the 
robotto insert the first collet into the collet store can comprise 
rotating the collet extraction head of the robot by an amount 
of from 90 degrees to 180 degrees. 
0061 The method can be any method embodying the 
invention, wherein using the robot to transport the replace 
ment collet comprises moving the collet extraction head of 
the robot to a position in front of the replacement collet: 
gripping the replacement collet with the collet extraction 
head; moving the collet extractionhead to the position in front 
of the plate from which the first collet was extracted; and 
inserting the replacement collet into the plate. Moving the 
collet extraction head of the robot to a position in front of the 
replacement collet can comprise determining a distance from 
the extraction head to the first collet, or from the extraction 
head to the plate. Determining the distance can comprise 
using a proximity sensor on the collet extraction head in 
determining the distance. The inserting the replacement collet 
into the plate can comprise rotating the collet extraction head 
of the robot by an amount of from 90 degrees to 180 degrees. 
0062. The method can be any method embodying the 
invention, wherein gripping the replacement collet with the 
collet extraction head comprises gripping the replacement 
collet at a circumferential groove formed in the replacement 
collet. 

0063. The method can be any method embodying the 
invention, wherein further comprising the steps of providing 
a complementary contact lens mold half filling a polymeriZ 
able lens-forming composition into a concave lens-forming 
surface of the mold half or into the complementary mold half: 
combining the mold half and the complementary mold half to 
form a mold assembly having a lens-shaped cavity there 
between, containing the polymerizable composition; curing 
the polymerizable composition in the filled mold assembly, to 
form a polymeric lens body, by polymerizing the lens-form 
ing composition in the lens-shaped cavity; demolding and 
delensing the polymeric lens body from both the mold half 
and the complementary mold half optionally washing, 
extracting, hydrating, or any combination thereof, the 
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released polymeric lens body; placing the released polymeric 
lens body in a contact lens package, optionally along with 
packaging Solution; Sealing the contact lens package; and 
sterilizing the sealed contact lens package to form a finished 
contact lens package containing a finished contact lens. 
0064. The skilled person will understand that the features 
disclosed in the following paragraphs may similarly be com 
bined in any combination in example embodiments of the 
invention. 

0065. The method can include the step of stopping pro 
duction of the molds in the injection-molding apparatus, for 
example, to exchange a collet. Forming a contact lens mold 
half in the second injection-molding cavity can comprise 
injection-molding a female contact lens mold half, or a male 
contact lens mold half. Forming a contact lens mold half can 
comprise injection-molding a plurality of contact lens mold 
halves. 

0066. Using the robot to remove the first collet from the 
plate can comprise moving a collet extraction head of the 
robot to a position in front of the first collet; moving the collet 
extraction head forward, toward the first collet; gripping the 
first collet with the collet extraction head; and moving the 
collet extraction head backward, extracting the first collet 
from the plate. Gripping the first collet with the collet extrac 
tion head can comprise gripping the first collet at a circum 
ferential groove formed in the first collet. Using the robot to 
transport the first collet and insert the first collet into the collet 
store can comprise: moving the collet extraction head so that 
the collet extraction head is in a position in front of an empty 
aperture in the collet store; moving the collet extraction head 
forward, toward the empty aperture; and releasing the first 
collet into the empty aperture. Using the robot to transport the 
replacement collet can comprise: moving the collet extraction 
head to a position in front of the replacement collet; gripping 
the replacement collet with the collet extraction head; moving 
the collet extraction head to a position in front of the plate 
from which the first collet was extracted; and inserting the 
replacement collet into the plate. The replacement collet can 
be inserted into the same position in the plate, from where the 
first collet was removed, or inserted into a different position in 
the plate. Gripping the replacement collet with the collet 
extraction head can comprise gripping the replacement collet 
at a circumferential groove formed in the replacement collet. 
The method can further comprise releasing a clamp holding 
the first collet in place in the plate. The method can further 
comprise clamping the replacement collet into the plate from 
which the first collet was extracted. The method can further 
comprise moving the robotto a resting location after using the 
robot to insert the replacement collet into the plate. 
0067. A collet extraction head of the robot can be moved to 
a position in front of the collet that is to be removed from the 
plate. The extraction head can be moved forward, toward the 
collet that is to be removed from the plate. The collet extrac 
tion head can grip the collet, for example, in a circumferential 
groove of the collet. A clamp holding the collet in place in the 
plate can be released, leaving the collet free to be removed 
from the plate by the robot. The collet extraction head can 
move backward, extracting the collet from the plate. The 
robot can move the collet extraction head so that the collet 
extraction head is at a position in front of an empty aperture in 
the collet store. The collet extraction head can be moved 
forward, toward the empty aperture. The collet can be 
released into the empty aperture. The collet extraction head 
can be moved to a position in front of the replacement collet. 
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The collet extraction head can grip the replacement collet. 
The collet extraction head can move backward, extracting the 
replacement collet from the collet store. The collet extraction 
head can be moved to a position in front of the plate from 
which it extracted the first collet. The robot can insert the 
replacement collet into the plate. The replacement collet can 
be clamped in place in the plate, for example, by action of a 
clamp acting on a circumferential groove of the replacement 
collet. The clamp can be part of the injection-molding appa 
ratus, for example, a part of the plate. The robot can move to 
a resting location after inserting the replacement collet into 
the plate, and production of mold halves can be restarted. 
0068. The method can further comprise the steps of pro 
viding a complementary contact lens mold half filling a 
polymerizable lens-forming composition into a concave lens 
forming surface of the mold half or of a complementary mold 
half combining the mold half and the complementary mold 
half to form a mold assembly having a lens-shaped cavity 
there between, containing the polymerizable composition; 
curing the polymerizable composition in the filled mold 
assembly to form a polymeric lens body by polymerizing the 
lens-forming composition in the lens-shaped cavity; demold 
ing and delensing the polymeric lens body from both the mold 
half and the complementary mold half optionally washing, 
extracting, hydrating, or any combination thereof, the 
released polymeric lens body; placing the released polymeric 
lens body in a contact lens package, optionally along with 
packaging Solution; sealing the filled contact lens package; 
and sterilizing the sealed contact lens package to form a 
finished contact lens package containing a finished contact 
lens. 

0069. With reference to the drawings, FIG. 1 shows an 
exemplary apparatus 10 for manufacturing molds for use in 
forming a contact lens. Apparatus 10 includes an injection 
molding apparatus 20 and a take-out cell 30 housing a collet 
store and a collet-exchange robot. Injection-molding appara 
tus 20 includes an injection unit and a reciprocating unit 50 
(FIG. 4). 
(0070 Injection unit includes a fixed plate 110 (FIG. 2) 
carrying, in this example, eight tool halves 120. As illustrated 
in FIG.3, each tool half 120 includes an injection nozzle 130, 
a thermocouple 140, a tool portion 150, and a stripperplate at 
the front surface offixed plate 110 (FIG. 2), which is arranged 
to move forward a few millimeters to eject formed molds. 
Tool portion 150 includes an outermost surface 160 that, in 
the example shown in FIG.3, is concave and shaped to define 
a (convex) outer surface of a mold half to be formed in the 
injection cavity. In other, otherwise identical apparatus asso 
ciated with this apparatus, a concave inner Surface of a mold 
half is formed by providing a tool portion having an outer 
most surface that is convex. Coolant flow passages 165 are 
provided behind tool portion 150, passing approximately 4 
mm from outermost surface 160 at their closest approach. The 
stripper plate defines a surface of peripheral regions 170 of 
the mold halves. The provision of peripheral regions 170 
enables injection nozzle 130 and thermocouple 140 to be 
sited or located away from the center of tool portion 150, 
which in-turn makes room for coolant passages 165 to pass 
close to tool portion 150, where the surface of the contact lens 
mold halfused to cast-mold the optic Zone of a contact lens, 
is formed. The stripper plate is moveable from a rearward, 
mold-formation position, to a forward, mold-ejection posi 
tion. 
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0071 Reciprocating unit 50 (FIG. 4) comprises a mount 
ing plate 190 mounted in a vertical orientation on a recipro 
cating drive 200. 
0072. As shown in FIGS. 4-6, mounting plate 190 carries 
a quick-change plate 210 that includes tool halves 220 that 
co-operate with tool halves 120 (FIG. 2) of the injection unit, 
to form injection cavities for formation of the molds. Specifi 
cally, quick-change plate 210 defines eight Substantially 
cylindrical bushings 230 each carrying a collet 240 shown in 
FIG. 6. Each bushing 230 includes coolant passages 250 
around its outer circumference. Each collet 240 carries a tool 
insert 260. Each collet 240 has a front disc portion 270 and a 
frustoconical body portion 280. Frustoconical body portion 
280 includes, toward its rear, an annular groove 290. Recip 
rocating unit 50 includes a clamp 300 having a distal clamp 
ing portion 310 that engages with groove 290 of collet 240 
and secures collet 240 toward the rear of quick-change plate 
210, away from the face of plate 210, to retain collet 240 in 
quick-change plate 210. This clamping prevents both leakage 
of coolant, and collet 240 from dropping out of quick-change 
plate 210 when quick-change plate 210 is not in contact with 
fixed plate 110. A tube 320 runs along the centre of frusto 
conical body portion 280 forming a coolant passage, with 
coolant passing inside the tube 320 from the rear of body 
portion 280 to the rear of tool insert 260, and then back 
towards the rear of body portion 280 along the outside of the 
tube 320 

0073. Each collet 240 can be unclamped, removed, and 
replaced independently of other collets 240, enabling flexible 
interchange of collets 240, and each collet can carry a differ 
ent tool insert 260. In particular, it is not necessary to replace 
the whole quick-change plate 210, nor is it necessary to 
replace individual tool inserts 260, which are vulnerable to 
damage, directly. 
0.074 Inserts 260 include an outermost surface 330 that is 
convex in this example, and that defines an optical-quality 
Surface that in-turn defines a concave Surface of a mold half. 
The surface of the mold half in-turn defines an optical surface 
of a contact lens to be formed using the mold half. Optical 
surface 330 and an outermost portion of collet 240 together 
define an inner surface of a mold half to be formed in the 
injection cavity. 
0075 Thus, the injection cavity for forming the mold half 

is defined, on one hand, by the outermost surface of tool 
portion 150 and the stripper plate carried in each tool half 120 
offixed plate 110 of the injection unit. On the other hand, the 
mold half is also defined by the outermost portion of collet 
240 and optical-quality surface 330 of tool insert 260 carried 
by quick-change plate 210 on reciprocating unit 50. 
0076. In this arrangement, the tool providing the optical 
Surface in the mold is in quick-change plate 210 and not in 
fixed plate 110 that instead has the injection-molding parts. 
Consequently, a different optical Surface can be readily pro 
vided in a mold by changing tool insert 260, without a need to 
disassemble the injection mechanism. 
0077. In injection unit, a screw is arranged to transport 
pellets from a pellet inlet to a nozzle. The pellets then pass 
into the heated inlet bush, where they are heated beyond their 
melting point, and the resultant liquid polymer flows into a 
manifold and then to the outlets of the manifold and into (FIG. 
3) injection nozzles 130 of tool halves 120 offixed plate 110. 
The melted polymer then passes into the injection cavity for 
forming the mold half. 
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0078 Heating is provided by a coil around injection 
nozzle 130. Thermocouple 140, arranged on the opposite side 
of tool portion 150 from injection nozzle 130, is used to 
monitor the temperature of the injected polymer. Heating of 
nozzle 130 is controlled to ensure that the liquid polymer is 
injected into each of the eight injection cavities at the same 
temperature, and hence at the same flow rate. Non-constant 
flow rates result in stresses in the formed mold, which in turn 
result in deformations and inconsistencies in contact lenses 
formed from the molds, for example, different levels of fit, 
different radii, and hence, different powers. Careful control of 
pressure and cooling gives consistency and uniformity; in 
contrast, poor control can result in a need to stop injection, 
selectively, into cavities for which the flow rate has deviated 
too far from a target value. 
0079. Once the cavity is full of polymer and a desired hold 
pressure profile applied, the pins in injection nozzles 130 are 
moved forward to shut off injection nozzles 130, from the 
cavities, which stops the flow of polymer. Coolant, for 
example, water, is circulated through coolant flow passages 
165 to cool the polymer and thereby form the mold. Coolant 
flow passages 165,250 in tool halves 120, 220 pass close to 
the outermost surface of tool portion 150 and the optical 
quality Surface of tool insert 260 carried by quick-change 
plate 210, respectively. Such an arrangement provides direct 
cooling in the portion of the mold half that forms the optic 
Zone of the lens as the mold half forms in the cavity. (Rapid 
cooling of nucleated material results in good quality, uniform 
molds. Without nucleation, slower cooling in the middle of 
the material can result, forming bigger crystals in the middle 
of the material.) Once the mold is formed, reciprocating drive 
200 moves mounting plate 190, and with it, quick-change 
plate 210, away from fixed plate 110, opening the cavity. The 
newly formed mold remains in tool portion 150 in fixed plate 
110. The stripper plate moves from the rearward, mold-form 
ing position, to the forward, mold-ejecting position, pushing 
on the peripheral regions of the mold to eject it from the tool 
portion in fixed plate 110. In some embodiments, one or more 
ejector pins can be used to eject the mold. 
0080. In use, as described above, reciprocating drive 200 
moves quick-change plate 210 into contact with fixed plate 
110 of the injection unit, forming the injection cavities. Mol 
ten polymer is injected and cooled, and eight molds are 
thereby formed. Reciprocating drive 200 then moves quick 
change plate 210 out of contact with fixed plate 110 of the 
injection unit, leaving the mold halves in tool portions 150 of 
fixed plate 110. 
I0081. When it is desired to change the tool or tool assem 
bly in order to change the power or type of contact lenses 
being manufactured, a collet-exchange Subsystem is acti 
vated. The collet-exchange Subsystem comprises a collet 
store 810 (FIG. 11) and a collet-exchange robot 820 (FIG. 7). 
As will be described further below, collet-exchange robot 820 
removes a collet 220 from quick-change plate 210, and 
replaces it with a replacement collet 240 from collet store 
810. 

I0082. As illustrated in FIG. 7, collet exchange robot 820 
comprises a drive unit 850 carrying an arm 860, at a distal end 
of which is rotatably mounted a collet extraction head 870. 
Drive unit 850 is mounted on a first rail 830, along which 
drive unit 850 is translated by a first linear motor 835. First 
rail 830 is itself mounted on a rail pair 840 that is perpendicu 
lar to first rail 830. First rail 830, and together with it, drive 
unit 850, are translated along rail pair 840 by a second linear 
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motor 845. Such a mounting arrangement enables drive unit 
850 to be moved to anywhere within a two-dimensional, 
horizontal area. 
0083. A further degree of movement is provided by the 
mounting of arm 860 on drive unit 850, as shown in FIGS. 7 
and 8. Drive unit 850 includes two electric motors 880, 890 
mounted on first rail 830 by a bracket 855. Arm 860 is rotat 
ably mounted on an axle passing into bracket 855. The drive 
shaft of lower electric motor 880 carries a pulley 881 which is 
connected via a drive belt (not shown) to a pulley (not shown) 
rigidly connected to the axle on which arm 860 is mounted, so 
that operation of lower electric motor 880 causes arm 860 to 
rotate about the axle. The drive shaft of upper motor 890 
carries a pulley 891 that is connected via a drive belt 892 to a 
pulley 893 that is rigidly connected to head 870. Operation of 
upper electric motor 890 thereby causes head 870 to rotate. 
0084 Quick change plate 210 and collet store 810 each 
presents to collet exchange robot 820 a two-dimensional 
array of collets 240, arranged in a vertical plane. FIG. 8 
illustrates how collets 900 mounted in a plate 910 are 
accessed. Movement of drive unit 850 along first rail 830 
moves collet extraction head 870 between vertical columns of 
collets 900. Rotation of arm 860, in combination with move 
ment of drive unit 850 along first rail 830, moves collet 
extraction head 870 between horizontal rows of collets 900. 
Movement of drive unit 850 forward and backward along rail 
pair 840 moves collet extraction head 870 toward and away 
from plate 910, permitting insertion and extraction of collets 
900 from plate 910. Arm 860 can also rotate about 180 
degrees around an axis of rotation, from a first orientation in 
which collet extraction head 870 is on a first side of arm 860, 
and a second orientation in which collet extraction head 870 
is on a second side of arm 860. Thus, collet extraction head 
870 can be moved in three dimensions, enabling access to 
each collet 900. In take-out cell 30 (FIG. 1), arm 860 in the 
first orientation has access to collets 240 in quick-change 
plate 210, and, in the second orientation, it has access to 
collets 240 in collet store 810. Thus, in use, collet exchange 
robot 820 is able to remove collets 240 from quick-change 
plate 210, and transfer them to, and insert them into, collet 
store 810, and vice versa. 
I0085 Collet extraction head 870 (FIGS. 9 and 10) com 
prises an axle 920, pulley 893, and gripping portion 940. 
Gripping portion 940 includes three gripping fingers 950. A 
proximity sensor 930 is also provided. With reference also to 
FIG. 6, gripping fingers 950 are sized and configured to grip 
a groove 272 that runs around the circumference of front disc 
portion 270 of collet 240. When gripping portion 940 is in 
position to grip collet 240, fingers 950 close into groove 272. 
Collet extraction head 870 canthus grip a collet 240 and carry 
it from quick-change plate 210 to collet store 810, or vice 
WSa. 

0086. As shown in FIG. 11, collet store 810 includes a 
housing 960 mounted on a turntable 970. Housing 960 carries 
holding plates 980 that define ten circular apertures 990, each 
sized and configured to receive a collet 240. 
0087. When a collet 240 in the quick-change plate 210 is to 
be changed, the fixed plate 110 and the quick change plate 210 
are separated and cooling water is evacuated from the coolant 
passages 250 and the tube 320. Air is blown through the 
coolant passages 250 and the tube 320 to remove residual 
water. Clamp 300 is released, leaving collet 240 free to be 
removed by exchange robot 820. Collet extraction head 870 
of collet exchange robot 820 is then moved to a position in 
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front of the particular collet 240 to be changed. Extraction 
head 870 is moved forward, and gripping fingers 950 grip 
groove 272 of collet 240. Exchange robot 820 moves back 
ward, extracting collet 240 from quick-change plate 210, and 
then moves itself and extraction head 870 so that extraction 
head 870 is at a position in front of an empty aperture 990 in 
collet store 810. Robot 820 moves forward, and collet 240 is 
released from fingers 950, into aperture990. Extraction head 
870 is then moved to a position in front of replacement collet 
240 that is to replace the collet that has just been moved. 
Gripping fingers 950 grip replacement collet 240 and extract 
it from collet store 810. Extraction head 870 is moved, with 
replacement collet 240, to the position in front of the quick 
change plate from which it extracted moved collet 240. 
Replacement collet 240 is inserted into quick-change plate 
210. Clamp 300 re-engages with annular groove 290 toward 
the rear of collet 240, clamping replacement collet 240 in 
place. Gripping fingers 950 release collet 240. Robot 820 
moves out of the way, to a resting location. The Supply of 
water is restored to the coolant passages 250 and the tube 320 
and production of molds restarts. The steps involved in chang 
ing the collet 240, including the evacuation and re-supply of 
cooling water, are synchronised under the control of a central 
controller (not shown) to minimize the time required for the 
exchange. 
I0088 All patents and publications cited herein are incor 
porated herein by reference in their entireties. 
I0089. While the present disclosure has been described and 
illustrated with reference to particular embodiments, it will be 
appreciated by those of ordinary skill in the art that the dis 
closure lends itself to many different variations not specifi 
cally illustrated herein. By way of example only, certain pos 
sible variations are described herein. 
0090. In the foregoing description, where integers or ele 
ments are mentioned which have known, obvious or foresee 
able equivalents, then Such equivalents are herein incorpo 
rated as if individually set forth. Reference should be made to 
the claims for determining the true scope of the present dis 
closure, which should be construed so as to encompass any 
such equivalents. It will also be appreciated by the reader that 
integers or features of the disclosure that are described as 
preferable, advantageous, convenient, or the like, are optional 
and do not limit the scope of the independent claims. More 
over, it is to be understood that such optional integers or 
features, while of possible benefit in some embodiments of 
the disclosure, may not be desirable, and can therefore be 
absent, in other embodiments. 

1. An apparatus for manufacturing mold halves for use in 
the manufacture of contact lenses, the apparatus comprising: 

an injection-molding apparatus including a plate for carry 
ing a removable collet; 

a collet store for storing at least one removable collet con 
figured to be inserted into the plate; and 

a collet-exchange robot configured to grip a removable 
collet from the plate, move the removable collet to the 
collet store, insert the removable collet into the collet 
store, grip a replacement collet from the collet store, 
move the replacement collet to the plate, and insert the 
replacement collet into the plate. 

2. The apparatus as claimed in claim 1, further comprising 
a removable collet inserted in the plate, and a tool half 
mounted in the removable collet, wherein the collet includes 
a circumferential groove. 
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3. The apparatus as claimed in claim 1, wherein the collet 
exchange robot comprises at least one collet extraction head. 

4. The apparatus as claimed in claim 3, wherein the collet 
extraction head is rotatably mounted on the collet-exchange 
robot. 

5. The apparatus as claimed in claim 3, wherein the collet 
extraction head comprises a gripping portion. 

6. The apparatus as claimed in claim3, further comprising 
a removable collet in the plate, and a tool half mounted in the 
removable collet, wherein the injection-molding apparatus 
comprises a clamp configured to hold the removable collet in 
the plate. 

7. The apparatus as claimed in claim 6, wherein the remov 
able collet includes a circumferential groove upon which the 
clamp is configured to act. 

8. The apparatus as claimed in claim 1, wherein the collet 
store comprises a housing for receiving a plurality of remov 
able collets, and a turntable on which the housing is mounted. 

9. The apparatus as claimed in claim 8, wherein the turn 
table is rotatable from a first position wherein a removable 
collet can be manually loaded into the housing, to a second 
position wherein the removable collet can be removed from 
the collet store by the collet-exchange robot. 

10. A method of manufacturing a contact lens, comprising: 
using a robot to remove a first collet from a plate in an 

injection-molding apparatus, the first collet comprising 
a first tool half mounted therein, the first tool half defin 
ing at least a portion of a first injection-molding cavity 
for molding a contact lens mold half. 

using the robot to transport the first collet to a collet store 
and insert the first collet into the collet store; 

using the robot to remove a replacement collet from the 
collet store, the replacement collet comprising a second 
tool half defining at least a portion of a second injection 
molding cavity for molding a contact lens mold half 

using the robot to transport the replacement collet to the 
plate and insert the replacement collet into the plate; and 

forming a contact lens mold half in the second injection 
molding cavity. 

11. The method of claim 10, wherein using the robot to 
remove the first collet, using the robot to transport the first 
collet and insert the first collet into the collet store, using the 
robot to remove the replacement collet, and using the replace 
ment robot to transport the replacement collet and insert the 
replacement collet into the plate, comprises moving a collet 
extraction head of the robot in three dimensions. 

12. The method of claim 10, wherein using the robot to 
remove the first collet from the plate comprises moving a 
collet extraction head of the robot to a position in front of the 
first collet; moving the collet extraction head forward, toward 
the first collet; gripping the first collet with the extraction 
head; and moving the collet extraction head backward, to 
extract the first collet from the plate. 
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13. The method of claim 12, wherein gripping the first 
collet with the collet extraction head comprises gripping the 
first collet at a circumferential groove formed in the first 
collet. 

14. The method of claim 10, wherein coolant is removed 
from coolant passages associated with the first collet, prior to 
the removal of the first collet from the plate, and resupplied to 
said coolant passages after insertion of the replacement collet 
into the plate. 

15. The method of claim 10, wherein the first collet is held 
in place in the plate with a clamp, and the method further 
comprises releasing the clamp from holding the first collet 
prior to removing the first collet from the plate. 

16. The method of claim 10, wherein using the robot to 
transport the first collet and insert the first collet into the collet 
store comprises: moving the collet extraction head so that the 
collet extraction head is in a position in front of an empty 
aperture in the collet store; moving the collet extraction head 
forward, toward the empty aperture; and releasing the first 
collet into the empty aperture. 

17. The method of claim 10, wherein using the robot to 
transport the replacement collet and insert the replacement 
collet into the plate comprises: moving the collet extraction 
head to a position in front of the replacement collet; gripping 
the replacement collet with the collet extraction head; moving 
the collet extraction head to a position in front of the plate 
from which the first collet was removed; and inserting the 
replacement collet into the plate. 

18. The method of claim 17, wherein gripping the replace 
ment collet with the collet extractionhead comprises gripping 
the replacement collet at a circumferential groove formed in 
the replacement collet. 

19. The method of claim 10, further comprising clamping 
the replacement collet into the plate. 

20. The method of claim 10, further comprising moving the 
robot to a resting location after using the robot to insert the 
replacement collet into the plate. 

21. The method of claim 10, whereinforming a contact lens 
mold in the second injection-molding cavity comprises: pro 
viding a complementary contact lens mold half combining 
the contact lens mold half and the complementary contact 
lens mold half to form a mold assembly having a lens-shaped 
cavity there between; curing a polymerizable composition in 
the lens-shaped cavity to form a polymeric lens body; 
demolding and delensing the polymeric lens body from both 
the contact lens mold half and the complementary contact 
lens mold half, to form a released polymeric lens body; 
optionally washing, extracting, hydrating, or any combina 
tion thereof, the released polymeric lens body; placing the 
released polymeric lens body in a contact lens package; Seal 
ing the filled contact lens package; and sterilizing the sealed 
contact lens package to form a finished contact lens package 
containing a finished contact lens. 
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